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The Annual Contribution of Meteoritic Dust to 
the Mass of the Earth1 
By WARREN J. THOMSEN 
Meteoritic dust, material of extra-terrestrial ongm, has been 
identified in two principal forms: spherical particles and irregular, 
angular particles. Proof of the extra-terrestrial origin of the spher-
ical particles is by chemical analysis, from the fact that their forma· 
tion cannot be attributed to any known natural terrestrial cause2 , 
by the tendency to obtain higher counts of spherical particles after 
known meteor showers, and by the occurrence of spherical particles 
at all times of the year in several widespread localitie.s. The diame-
ters of the particles observed range from about 0.005 mm. up to 
around 0.2 mm. 
A theory has been advanced by Buddhue ( 1) that the angular 
particles are derived from interplanetary or interstellar dust which 
drifts into our atmosphere with too low a relative velocity to pro-
duce visible meteors. Whipple ( 5) has computed maximum radii 
for these particles, which he calls micrometeorites, which are not 
de.composed in their flight through the atmosphere. His values for 
their sizes are in good agreement with particles collected after some 
meteor showers. Angular particles should also be produced by the 
fragmentation and bursting of ordinary meteors. 
The spherical particles are generally believed to be formed from 
molten material which is swept off the surfaces of the solid bodies 
of meteors. The sizes of the spheres are of the proper order of 
magnitude to have been derived in this manner. The radius of sta-
bility of any drop can be calculated from the formula 
4CT 
r= --pv2 
where CT is the surface tension of the liquid, p is the density of the 
atmosphere, and v is the velocity of the drop. This formula will 
,give the maximum possible size for a droplet. 
For iron (CT= 950 dynes/cm.) with the meteoric velocity of 44 
miles per second at a height of about 60 miles, r = 0.07 mm. The 
distribution of the sizes of the spheres observed in this study is 
shown in the graph. 
'This paper was judged to be most notable of those presented to the 
Geology Section. 
'Weld-splatter has the same appearance as the magnetic spheres collected 
in this study. 
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DIAMETER IN MICRONS 
Meteoritic dust has been collected in several different ways. Some 
of the earlier investigators found meteoritic particles in snow, in 
hailstones, and on drift ice. Spherules, believed to be of meteoric 
origin, are found in deep-sea deposits of clay and mud. Magnetic 
particles can be collected by letting the. rain water from a roof flow 
over and around magnets at the lower end of a downspout. Micro-
scope. slides, coated with glycerine or some similar material, wilf 
capture particles which fall on them. Another method utilizes con-
tainers which colle0 everything that falls in them. 
Three methods of collecting have been employed at Iowa City. 
On March 14, 1951, foHowing the record snowfall of March 11-14, 
a washtub full of snow was picked up near Iowa City, melted and 
the water filtered. A few shiny, black, magnetic spheres were re-
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covered. By using a magnet in a test tube fairly large samples of 
magnrtic material have been gathered from the flat roofs of some 
of the University buildings. The spherical particles can be separated 
from the non-spherical by letting them roll off smooth, tilted sur-
faces. A sample obtained in this manner was analyzed. 
A spectroscopic analysis of magnetic spheres showed the follow-
ing elements to be present: Iron, silicon, magnesium, (nickel-
doubtful) . Watson ( 2) lists the average composition of stony 
meteorites as follows: 
Oxygen 
Iron 
Silicon 
Magnesium 
Other elements less than 1.5% each. 
36.3% 
25.6% 
18.0% 
14.2% 
A gavimetric check of our sample gave the approximate composi-
tion: Si02 = 28% and Fe20 8 = 72%. Since the melting points of 
silicon and iron are fairly close to each other, we would expect drop-
lets formed by the meteoric process to contain a mixture of the two 
elements. Magnesium with a very much lower melting point should 
not occur in any great amount. 
To determine the rate of accumulation of meteoritic dust, gallon 
cans lined with plastic material were used as collectors. They were 
set out in the same manner one would set out a rain gauge. Several 
collectors were set out early in November, 1951. At monthly inter· 
vals one would be taken in and another set out. Everything which 
was in a collector would be transferred to a jar. After allowing a 
reasonable time for settling, most of the water was poured off, and a 
magnet in a test tube was used to transfer magnetic material onto a 
microscope slide. The water in the jar was evaporated, and the 
remaining residue, which was matted together, was broken up with 
a small brush. Some additional magnetic material was then obtained 
from the dry dust. 
The dust was examined under a microscope. By means of a 
mechanical stage. all spheres were counted, and their measurements 
were made with a calibrated reticle in the eyepiece. The spheres 
were measured to the nearest unit on the reticle which was equivalent 
to about 0.008 mm. ( 8 microns). Non-spherical material was not 
considered in this study. 
The non-magnetic spheres are rather difficult to find since they 
are mixed with the terrestrial dust. Of the total number of spheres 
only about 20% were non-magnetic. Many of these under the 
microscope looked like marbles, some clear and others with a milky 
appearance similar to pearls. 
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The procedure used to determine the annual rate of fall of mag-
netic meteoritic dust for the whole earth was as follows. For each 
collecting period the total volume was calculated from the measure-
ments and the frequency of magnetic spheres. This volume was 
multiplied by the number of collecting surfaces needed to cover the 
earth and by the number of collecting periods in a year. Assuming 
the density of the magnetic spheres to be 4 grams per cubic centi-
meter, the total annual weight was obtained. 
An accurate determination of the density was not made. However, 
the spheres sank in a solution of Bromoform whose density is 2.89. 
Since they are of magnetic material, the assumed density of 4 is not 
unreasonable. 
Table 1 
Annual Deposits for Different Collecting Periods 
Collecting Period Location Annual Deposit 
----- ---
Nov. 9 to Dec. 10, 1951 Iowa City .3.75xl09 kg. 
Jan. 10. to Feb. 4, 1952 Iowa City 2.44xl09 kg. 
Feb. 4 to Mar. 1, 1952 Iowa City l.04xl09 kg. 
Laurens. Ia. 
Feb. 1 to Mar. 26, 1952 Laurenf', Ia. 2.84xl09 kg. 
The annual deposits as determined from four collecting periods 
are given in Table 1. The difference in these rates of accretion are 
not excessive. Since more meteors occur in the Autumn months 
than in the Spring months for the Northern hemisphere, we would 
expect a larger rate for the Autumn months. There may also be a 
relation between the amount of precipitation and the amount of dust 
recovered, since for periods with low precipitation smaller amounts 
of meteoritic dust were collected. 
The rate of fall which was adopted from the limited sample is 
2.0 x 10u kg. per year for the entire earth. This may be thought of 
as 22 pounds per square mile per year or in terms of volume, every 
1000 years a layer 1 micron deep is deposited. This annual deposit 
is much larger than the estimates by previous investigators as shown 
by Table 2. Furthermore. this estimate does not include meteorites 
or non-spherical and non-magnetic particles. 
The addition of meteorites would not increase the total deposit 
materially since only the larger meteors drop meteorites, and for 
these only about 10% of the original mass survives the flight through 
the atmosphere (4). The 'silica' spheres plus the silica in the mag-
netic spheres accounts for nearly the proper ratio of silicon to iron 
for the frequency and composition of meteorites as given by Watson 
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Table 2 
Estimates of the Annual Deposit of Meteoritic l\faterial 
Annual Deposit Date of 
m 106 kg/year Estimate 
0.56 1941 
1.56-3.12 1935 
10. 1939 
65. 1950 
2000. 1952 
Authority 
F. G. Watson (2) 
C. C. Wylie (6) 
F. G. Watson (3) 
]. D. Buddhue (1) 
W . .J. Thomsen 
Remarks 
Meteors & Meteorites 
Meteors & Meteorites 
Meteors & Meteorites 
.!\fag. meteoritic dust 
based on a rate of 
2.0xl06 kg.finch of 
rainfall. Assumed rain-
fall, 32 inches. 
Mag. Spheres only. 
(2). The high rate of transfer of kinetic energy to heat in the 
meteoric process must certainly result in some vaporization as well 
as fusion. Thus the estimate for the total mass gained by the earth 
from meteors as given here is conservative. 
The results of this paper should be considered as only prelimin-
inary. Collecting periods for more than a few months are necessary 
as well as collections at several different points on the. earth. How-
ever, the results are in agreement with recent work by meteor ex-
perts on the rate of ablation of material due to the meteoric processes. 
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